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SECTION 12 
MIXER CIRCUITS 
PART A. ELECTRON-TUBE CIRCUITS 


Audio-frequency -nixing is defined as the combining of 
two or more qudio-frequency (20 to 28,000 cycles per second) 
signals from separate sources in any desired proportion at 
the input to an audio-amolifier syster 

The term audio mixer should not be 
term mixer used to d 
hetarndynes the rf ae 
heterodyne teceiver. Audio mixers are considered a: as ‘‘com- 
y!’ circuits and ere operated as linear circuits. 

Audio mixing circuits are used in public-address, 
sound-distribut 1 ¢ 
two or more input-channel signals for further amolification 
in the main channel of an audio-amplifier system, It is 
necessary to control the individual input-channel signal 
levels before mixing occurs, Also, if frequency compen- 
sation of the individual input signals is required, the fre- 
quency compensation must be accomplished before the sig- 
als are applied to the mixer input. It is desirable to have 
the individual signals to each mixer input as nearly equal 
to one another as possible so that similar control settings of 
the mixer circuit will produce similar output signal levels. 
This is especially true where the mixer circuit (channel) 
controis are front-panel controls which are easily accessi- 
ble to the operator and require frequent operation or adjust- 
ment. 

Yhen a low-amplitude signal is to be mixed with a siq- 
nal of yreater amplitude, an audio-ampiifier staye, calied 
Q preamplifier, is used to increase the amplitude of the 
smaller signal so that it is approximately equal to the amali- 
tude of the laryer signul; then te two Input signals will be 
of approximately the same amplitude (level) before mixing 
occurs. In some instances, if the smaller of the two sig- 
nals is at a satisfactory level for application to the mixer 
circuit, the signal with the laruer amplitude is simply atte- 


, and similar a 


nuated to a level which is equal to that of the smaller signal. 


Audio mixer circuits can be classitied as either electron- 
tube type or resistance-network type. Mixers may be further 
classified as high- or low-impedance, constant- or noncon- 
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COMMON PLATE-LOAD AUDIO MIXER. 


APPLICATION. 


re) input audio siynals by amplifying the 
signals and combining them in a common load :mpedance. 
The mixer circuit is yenerally used in public-address and 
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CHARACTERISTICS. 

Operates Class A with cathode bias. 

Combines two individual input signals; each input signal 
is amplified, inverted, and combined in a common plate- 
load impedance wita relatively low distortion. 

Additional circuits can be connected in parallel to pro- 
vide for additional input channels. 


CIRCUIT ANALYSIS. 

Genero], The common plate-load audio mixer combines 
two input signals, The circuit is fundamentally two Class 
A audio amplifiers in parallel with a coinmon plate-load 
tesistance. The combined outpu taxen from 
actoss the plate-load resistance. More than two input 


Signals enn he mived ty eanly 
amplilier tube; each tube in ae operates into tne common 
plate-load resistance. 

Circuit Operation, The accompanying circuit schematic 


de electron tubes in a con 


load audio mixer circuit. Electron tubes V1 and v2 are 
identical-type triode tubes; although two Beco triodes 
are shown, a twin-triode is commonly used in this circuit. 
Potentiometer (variable resistors) Rl and RZ are the grid 
resistors for V1 and V2, respectively, Also, Rl and R2 

are used to terminate a preamplifier, crystal pickup, or 

other high-impedance siynal source, and control the tevel 

of signal applied to each grid of the mixer circuit. Resistor 
R3 is the common cathode-bias resistor for V1 and V2; capa- 
citor Cl is the cathode bypass capacitor, Resistor 34 is 
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in this mixer circuit, the two input circuits are isolated 

from ane another, so that the setting of one contral (41 

or 32} wi 
ively hi 

se a high 


have no effect uoon tne other. 
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values of 21 and 32 are usually made sufficiently high to 
act as a load or terminatiny impedance for a preamplifier 
stage, a crystal pickup, or ahigh-impedance, high-output 
microphone. If the signal source is a low impedance, an 
input matchiny transformer is required to obtain impedance 
transformation from the low-impedance source to the rela- 
tively high-impedance input of the mixer circuit. 

The operation of each tube in the common plate-load 
audio mixer is similar to the operation of the R-C coupled 
triode voltage amplifier, desctibed in Section §, for indivi- 
dual input signals. For example, assume a condition where 
an audio signal is applied to Input No. | but no siynal is 
applied to Input No, 2, In this instance, assuming that 
potentiometer 21 is adjusted for a suitable input level to 
the grid of V1, the output signal developed across the 
plate-load resistor, R4, is 180 degrees out of phase with 
the input signa! and is areproduction of the input signal 
as it would be for any R-C coupled voltaye amplifier. Yhen 
audio signals are applied to Loth inputs of the nixer circuit, 
the combined signals appear across the olate-load resistor, 
#4, and are coupled throuyh capacitor JZ to the yrid cir- 
cuit of the following audio amplifier staye. If the grid cir- 
cuit of the following staye uses a potentioneter as the grid 
tesistance (R-C coupliny), then this potentiometer functions 
as a master gain control for the amplifier, since it controls 
the amplitude of the mixed audio signals applied to the grid 
of the followiny staye. 

The mixer circuit illustrated is very satisfactory for two 
input channels. It uses two tubes sharing a common plate- 
load resistor. When more than two inputs are desired, as 
for example three or four inputs, various circuit combina- 
tions incorporating three or four tubes may be used; however, 
there is a limitation to the number of tubes which can share 
a common plate-load resistance without suffering consider- 
able loss of gain ond introducing some distortion. Therefore, 
common plate-load mixers are yenerally limited to two or 
possibly three tubes. (Where more input channels are desired, 
modification of the basic circuit is necessary to provide a 
degree of plate-load isolation.) Since the plate resistances 
of the two tubes (V1 and V2) are in parallel, each tube 
works into a load impedance which is always less than 
its own plate resistance. Under such conditions of opera- 
tion, the output voltaye obtainable from the circuit is serious- 
ly limited. 

Since one tube operates into a load consisting of the 
other tube’s plate resistance effectively in paralle! with the 
load impedance (24), it is obvious that the gain of the two 
tubes as shown in the schematic will be less than the gain 
of a single voltage-amplifier tale because the load imped- 
ance for either tube is always less than its own plate resis- 
ance (rp). Therefore, the gain of each tube will always be 
less than one-half the yain obtained from a normal voltaye 
amplifier. If the normal voltaye amplifier is considered to 
be a constant-voltaye yenerator, as shown in part A of the 
accompanying illustration, the a-c component of plate cur- 
rent (ip) is: 
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and the a-c component of output voltage (e.) that appears 
across the load impedance, Zx, is: 
@o =ipZi 
By substitution then: 
Hes 
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Simplified Amplifier Circuit 


It is apparent that the output voltage {e.) of a norma! 
voltage amplifier is not 4 times the applied signal (es), 
because some voltage is lost in the internal resistance (rp) 
of the tube and is not developed across the load impedance, 
Zu: In part B of the illustration, the plate resistance (rp) 
of a second tube is shown in parallel with the load imped- 
ance, as would be the case for a two-tube mixer circuit. 
he load impedance for this condition can now be expressed 
as: 


Tp2 ZL 
Tpo + Zi 


where: Zr = load impedance 
tp2 = plate resistance of second tube 
However, Since identical tubes (V1 and V2) are used in the 
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mixer citcuit, the plate resistance of each tube can be 
considered to be equal to that of the other; therefore, rp2 

is equal tor. The a-c component of output voltage (e,) 

for the two-tube mixer can now be expressed as: 


ane Z 
aT + LL 


From this expression it can be seen that, for two triodes 
in parallel, the output voltage (9) will always be less than 
one-half that obtained with a normal voltaye amplifier. 
Similarly, for a three-tube mixer the gain will be less than 
one-third the gain obtained from a normal voltage amplifier; 
for a four-tube mixer it will be less than one-fourth. 

Improved performance can be obtained by using pentode 
instead of triode tubes. The accompanying circuit schematic 
illustrates two pentode electron tubes in a common plate- 
load audio mixer circuit. Electron tubes V1 and V2 are 
identical-t ype, sharp-cutoff pentodes. The circuit is 
fundamentally the same as that previously described for 
triode tubes except for the addition of the screen-dropping 
tesistor, RQ, and the screen bypass capacitor, C3. The 
citcult operation is the sume as tuai described for the uiode 
mixer circuit. 


purposes, 


the pentode can be reclized in this circuit. 


FAILURE ANALYSIS. 
No Output, The common piate-load audio mixer circuit 
is similar in many respects to a resistance-coupled voltaye 
amplifier circuit insofar as failures are concerned. Failure 
of the plate-voltaye supply will disrupt operation of the 
circuit, as will an open circuit in the cathode. 
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Pentades Using Common Plote-Load 


voltage developed across the cathode resistance, to deter~ 
mine whether the applied voltayes are within tolerance and 
whether the plate load resistor (124) or cathode resistor 
(83) is open. Each input should be checked with an oscil- 
loscope to determine whether signals are applied to the 
input of the circuit and whether they are of the proper 
amplitude. An open output coupling capacitor (52) will 
prevent signals from reaching the staye following the mixer. 

If the mixer circuit uses pentode tubes, the voltage 
applied to the screen grid should be measured, to determine 
hether it is within tolerance and whether the screen bypass 
capacitor (C3) is shorted. A shorted screen bypass capa- 
citor will remove screen voltage from the tubes and may cause 
the screen-dropping resistor, R9, to burn out. When normal 
output is obtained from one channel but not from the other, 
the input to the faulty channel should be checked with an 
oscilloscope to determine whether the trouble is que to an 
open input potentiometer (R1 or R2) or failure of the input~ 
signal source. 

Low or Distorted Output. 


should be measured to determ 


The applied plate vol 


whether it is 


thin. 


: 3 wtput coughing cupaeltur, C2 yyshould 

be checked to determine whether it is leaking; leakage of 
this capacitor wilt drop the appiieu plate voltuge aad permit 
voitaye-divider action to attect the operation of tne toliowing 
staye. Thus, if the input resistor of the followiny staye is 
returned to ground, the voltaye at the plates of Vl and V2 
wili be reduced, and the operation of tne following stage 

will be upset by the change in voltaye applied to its yrid. 

An open cathode bypass capacitor Ul will cause the mixer 
circuit to be degenerative, and will also result in ‘‘cross- 


biasing!’ of the tubes so that the stave uain will be 


severely 
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pending upon the configuration of the precediny sto ye (for 
example, o preamplifier stage, R-C coupled), it is possible 
that a d-c valtaye may be applied to the input potentio: 
(R] or 122) because of a leaky or shorted coupling capacitor. 
In this case, a d-c voltaye which is dependent upon the 
setting of the potentiometer wiil be applied to the grid, and 
the tube bias will be affected. 

In the pentode audio mixer circuit, a leaky screen bypass 
capacitor (C3) or an increase in the value of the screen- 
droppiny resistor (R5) will cause reduced yain because 
of the decreased screen voltage, while an open screen bypass 
will cause reduced gain because of degeneration within the 
stage. 


SEPARATE PLATE-LOAD AUDIO MIXER. 
APPLICATION. 


The separate plate-load audio mixer circuit is used to 
combine two (or more) input audio signals by amplifying 
the signals and combining them at the common input of a 
following staye. The mixer circuit is commonly used in 
oublic-address and sound distribution systems to provide 
for the control and mixing of several input channels. 


CHARACTERISTICS. 

Operates Class A with cathode bias. 

Combines two individual input signals; each input siy- 
nal is amplified, inverted, and fed through an isolation 
Tesistance to the common input of a following staye. 

Additional circuits can be connected in parallel to pro- 
vide for additional input channels. 


CIRCUIT ANALYSIS. 

General. The separate plate-load audio mixer circuit 
combines two input signals. The circuit is fundamentally 
two separate Class A audio amplifiers with each output 
fed through an isolation resistor to a common input imped- 
ance of the following staye. More than two input signals 
can be mixed by applying each additional signal to a separ- 
ate amplifier which has its own plate-load resistance, and 
feeding the amplifier output throuyh an isolation resistance 
to a conimon input impedance of the following staye. 

Cireult Operation. The accompanying circuit schematic 
illustrates two triode electron tubes in a separate plate- 
load audio mixer circuit. Electron tubes V1 and V2 are 
identical-type triode tubes; two separate triodes are shown, 
but a twin-triode is commonly used in this circuit. Poten- 
tiometers (variable resistors) Rl and 22 are the yrid resistors 
for V1] and V2, respectively. Also, Rl and 92 are used to 
terminate a preamplifier, crystal pickup, or other high- 
impedance signal source, and control the level of signal 
applied to each yrid of the mixer circuit. Resistor 23 is the 
common cathode-bias resistor for V1 and V2; capacitor Cl 
is the cathode bypass capacitor. Resistors 24 and 25 are 
the plate-load resistors for V2 and V1, respectively; re- 
sistors R6 and 37 are the output-isolation resistors. Capa- 
citor C2 is the output coupling capacitor. 

In this mixer circuit, the two input circuits are isolated 
from one another, so that the setting of one control (31 or 
R2) will have no effect upon the other. The two inputs 
each have a relatively high impedance; potentiometers 21 
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Separate Plate-Load Audio Mixer 


and R2 generally range in value from SQOK to several meg- 
ohms. In practice, no great attempt is made to achieve an 
exact match of impedances at the input to the mixer circuit. 
However, the values of Al and 42 are usually made suf- 
ficiently high to act as a load or terminating impedance for 
d preamplifier stage, a crystal pickup, or a high~impedance, 
high-output microphone. If the signal source is a low imped- 
ance, an input matching transformer is required to obtain 
impedance transformation from the low-impedance source 
to the relatively hign-impedance input of the mixer circuit. 

The operation of each tube in the separate plate-load 
audio mixer is similar to the operation of the R-5 coupled 
ttiode voltage amplifier, described in Section 6. ‘hen 
audio signals are applied to both inputs of the mixer circuit, 
the individual amplified signals appear across the respec- 
tive plate-load resistors, RS and R4. The individual sig- 
nals are then applied through the series isolation resistors 
(26 and 27) to the output coupling capacitor, 22, which 
couples the combined signals to the grid circuit of the fol- 
lowing audio amplifier stage. If the grid circuit of the lat- 
ter staye uses a potentiometer as the grid resistance, then 
this potentiometer functions as a master gain control for the 
amplifier, since it controls the amplitude of the mixed audio 
signals applied to the amplifier grid. 

The mixer circuit illustrated is very satisfactory for 
two input channels. When more than two inputs are desired, 
as for example three or four inputs, an additional tube is 
connected to the circuit for each additonal input desired, 
and its individual plate load resistance is coupled to the 
common output circuit by means of an isolation resistor to 
provide a degtee of isolation between amplifier tubes. Thus, 
some of the inherent disadvantages of the basic common 
piate-load audio mixer are overcome. The isolation resistors 
(R6 and R7) are usually two to five times the value of the 
individual plate-load resistors (R4 and RS). As a result, 
each tube in the mixer circuit works into a complex load 
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impedance which approaches a normal load for a voltage 
amplifier stage; therefore, distortion due to nonlinearity is 
considerably reduced. Although the normal stage gain is 
obtained when the tube works into a normal load, the out- 
put signal voltage available at the input of the following 
stage is considerably reduced because of the loss introduced 
by the signa!-voltage drop across the isolation resistor. How- 
ever, the net result is that the higher output voltage from the 
mixer is available at the input of the following stage for a 
given percentage of distortion, as compared to the output 
voltage obtainable from other triode mixer circuits, such as 
the common plate-load audio mixer. 

The voltage delivered to the input of the following 
stage by the mixer is always less than one half that 
obtainable with a normal voltage amplifier. In the acenm- 
panying illustration, the compiex ioad impedance into 
which one tube works is simplified to show the amplified- 
signal voltage division and the resulting useful signal out- 
put available across the load impedance, Z:,, corresponding 
to the input of the succeediny stage. Since both tubes 
(V1 and V2) employed in the mixer ore identical-type tubes, 
the plate resistances (rp) can be considered to be equal. 
Also, the isolating resistors (Rs) are equal to each other, 


“UBS 


Simplified Mixer Circuit 


plateload res, 8 (RL) ure equal tc each otner. 
The a-c component of output voltage (e,) for the mixer us- 
ing isolation resistors, expressed as a voltage relaticn- 
ship, is as follows: 


where: 93 leveloped across Rj 
Gus eveloped aciuss isulatinu iesisivn 
x 
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Since the resistance of R is greater than the imped- 
ance, Zr, a greater signal voltage appears across R» than 
across Zr. Therefore, the output voltage (e,) developed 
across Z, must always be less than the voltage developed 
across the isolating resistor, Rs, and less than one-half 
the voltage obtainable from a normal voltage amplifier. De- 
pending upon the value of the load impedance, Zr., the out- 
put voltage (e,) may be as low as 
obtainable from a normal voltage amplifier. 

Pentodes can be used to advantage in this circuit be- 
cause the plate resistance of a pentode is extremely high 
compared to that of a triode. The value of the isolation 
resistor need only be several times the value of the plate- 
load resistor and, since nearly the full gain capability of 
the nentade con be renlized, the output voltage available at 
the load impedance will be greater than one-half the output 
voltage obtained from a normal amplifier. 


the voltage 


FAILURE ANALYSIS, 

No Output. The separate plate-load audio mixer cir- 
cuit is similar in many respects to a resistance-coupled 
voltage amplifier circuit insofar as failures are concerned. 
Failure of the plate-voltaye supply will disrupt operation 
of the circuit, as will an open circuit in the cathode. With 
tubes known to be good installed in the circuit, the filament 
and plate voltages should be measured, as weil as the d-c 
voltage developed across the cathode resistance, to deter- 
mine whether the applied voltages are within tolerance and 
whether the individual plate-load resistors (R4 and H9) or 
cathode resistor (R3) is open. Each input should be check- 
ed with an oscilloscope to determine whether signals ore 
applied to the input of the circuit. An open output coupling 
capacitor (C2) wil! prevent signals from reaching the 

tage following the mixer. 

If the mixer circuit uses pentode tubes, the voltage 
applied to each screen grid should be measured, to deter- 
mine whether it is within tolerance and whether the screen 
bypass capacitor is shorted. A shorted screen bypass 
capacitor will remove screen voltage from the tubes and may 
cause the screen-dropping resistor to burn out. 

When normal output is obtained from one channel but 
not from the other, the input to the faulty channel should 
be checked with an oscilloscope to determine whether the 
trouble is due to an open input potentiometer (K1 or R2) 
or failure of the input-signal source. 

Low or Distorted 0 The applied plate voltage 
spould be measured to determine whether it is within tol- 
erance. Aliso the output coupling capacitor, CZ, snoula pe 
checked to determine whether it is leaking. A ieaxy (or 
shorted) output coupling capacitor will form a voltage 
vider Comprised OI Lotn isoiating resistors (Hb and H/) 
effectively in porallel, and this combination is in series with 
the input resistor of the fol! stage. ‘Lhus, the volt- 
age at the plates of Vi and V2 wiil be reducea somewhat, 
and the operation of the following stage will be upset by 
the positive voltage applied to its grid. An open cathode 
bypass capacitor Cl will cause the circuit to be degenera- 
tive, aid will also result in 'cross-biasing’! of the tubes 
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so that the stage gain will be decreased. A shorted cathode 
bypass capacitor will result in a loss of bias and distortion 
of the output signal. Depending upon the configuration of 
the preceding stage (for example, a preamplifier stage, 

R-C coupled), it is possible that a positive d-c voltage may 
be applied to the input potentiometer (R1 or R2) because 

of a leaky or shorted coupling capacitor. In this case, a 
positive d-c voltage, the amount of which is determined by 
the setting of the potentiometer, will be applied to the grid 
and affect the bias. 

If plate-load resistor R4 (or R5) should open, the plate 
voltage applied to V2 (or V1) will be considerably below 
normal, since the plate voltage will be applied to the tube 
through both isolating resistors in series with the plate- 
load resistor, R5 (or R4) of the other tube, V1 (or V2). 

As a result, the signal output from the tube with the plate 
voltage below normal will be extremely low. 

Tf the mixer circuit uses pentode tubes, a leaky screen 
bypass capacitor or an increase in the value of the screen- 
dropping resistor will cause reduced yain because of the 
decreased screen voltage, while an open screen bypass will 
cause reduced gain because of degeneration within the stage 


VIDEO MIXERS. 

Video mixing is defined as the combining of two or more 
video signals. The video signals to be combined consist of 
various forms of pulse information and may include any 
number of the following: radar video, beacon video, range 
markers, range strobe, azimuth markers, IFF video, blank- 
ing gates or pulses, and other special forms of information. 

The term video mixer should not be confused with the 
term mixer used to designate the circuit that heterodynes 
the r-f and local-oscillator signals in a supetheterodyne 
receiver. Video mixers are considered as ‘‘adding'’ cir- 
cuits and perform algebraic addition of pulse information; 
the pulses can be of either polarity and need not be in coin- 
cidence. In certain applications, video mixers are designed 
to combine signals of a given polarity only. Alsq in many 
radar applications, video mixers are designed to combine 
time-coincidence pulses in a nonadditive manner; oper- 
ation in this manner prevents excessive output amplitude 
and possible overloading in subsequent video amplifier 
stages, and thus prevents ‘‘blooming’’ of the indicator 
display. 

The majority of electron-tube video mixing circuits 
presently in use are variations of two basic types: the 
common-cathode video mixer and the common-plate video 
mixer. Most video mixer requirements can be met by one 
or the other of these two circuits. The common-cathode 
video mixer does not invert the signal but acts in a manner 
similar to the cathode follower, whereas the common-plate 
video mixer does invert the signal. The common-cathode 
video mixer is degenerative, and the amplitude of the 
combined output of the two input signals in coincidence is 
less than that of the larger input signal. The common-plate 
video mixer normally has some gain; as a resuit, the 
amplitude of the combined output of the two input signals in 
coincidence is generally greater than the larger of the two 
input signals. Therefore, if the ampliftude of the combined 
output signal from the common-plate mixer is excessive for 
the application, modifications to the basic circuit are nec- 
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essary to reduce the adding effect. Otherwise, the output 
is likely to overload subsequent video amplifier stages 
when coincident signals are applied to the input. 

A video mixer is normally required to handle pulse 
information having pulse widths of 0.5 to 500 microseconds 
and pulse repetition rates of 200 to 2000 pulses per second. 
Common-cathode video mixers are capable of handling very 
fast rise-time pulses because of the cathode-follower 
action of the circuit. Common-plate video mixers are 
purposely designed with high frequency compensation, to 
enable them to handle the rise time of the input video 
pulses. 


COMMON-CATHODE VIDEO MIXER. 


APPLICATION. 

The common-cathode video mixer circuit is used to com- 
bine two (or more) input video or pulse signals. Depending 
upon the circuit configuration, when input signals are in 
time-coincidence the output signal can be a limited-ampli- 
tude combination of the input signals or a nonadditive 
output signal which is representative of the larger input 
signal only. 


CHARACTERISTICS. 

Input signals are of positive polarity; output signal is 
of positive polarity. Negative input signals con be com- 
bined (by the basic mixer circuit) only at very low levels, 

Gain of video mixer (as a cathode follower) is approxi- 
mately 0.75. 

Degenerative circuit (cathode follower) provides limited- 
amplitude cdditive mixing of time-coincident signal pulses 
because of common-cathode biasing arrangement. Modifi- 
cation of basic circuit to include fixed bias near cutoff 
ptovides nonadditive mixing of time-coincident signal 
pulses, 

When more than two input signals are to be combined, 
additional common-cathode video-mixer circuits may be 
connected in parallel with little change in operating 
characteristics, 

Output impedance is relatively low. 


CIRCUIT ANALYSIS. 

General, The basic common-cathode video mixer com- 
bines two positive video signals. The circuit is funda- 
mentally two cathode followers in parallel with a common 
cathode resistance. The output polarity is positive, and 
the combined signal is taken from across the cathode re- 
sistance, Any number of positive input signals con be 
mixed by applying each signal to a separate cathode fol- 
lower; each cathode follower, in tum, operates into the 
common cathode resistance. Whether or not any addition 
of signals occurs in the output depends upon the biasing 
of the cathode-follower stages, 

Cirevit Operation. The accompanying circuit sche- 
matic illustrates two triode electron tubes in a common- 
cathode video mixer circuit. Electron tubes V] and V2 are 
identical-type triode tubes; although the accompanying 
schematic illustrates two separate triodes, a twin-triode 
is commonly used in this circuit. Capacitor C1 couples 
one input signal to the arid of V1; capacitor C2 couples 
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the other input signal to the grid of V2. Resistors Rl and 
R2 are the grid resistors for V1 and V2, respectively. Re- 
sistor R3 is the common cathode-bias resistor for V] and 


ci 
INPUT 
O-wor 16 
RI 
INPUT 
° NO.2 


a 
I 


Basic Common-Cathode Video Mixer Circuit 


V2, and it is also the cathode load resistance for the video- 
mixer circuit across which the combined, or mixed, pulse 
output signal appears. The plate of each tube is tied di- 
tectly to the supply voltage, +Exp. The tolerance of com- 
ponent values in this circuit is not critical, and ]10-percent- 
tolerance parts are normally used. 

When voltage is first applied to the circuit, the grids 
(of V1 and V2) are at zero bias, and the combined plate 
current of both tubes passes through common-cathode re- 
sister F3 to quickly establish the no-signal, or quiescent, 
bias. The electron tubes, Vi and V2, are assumed to be 
identical-type tubes, or a single-envelope twin-triode with 
identical characteristics; however, a small unbalance in 
tube characteristics will not greatly affect the circuit oper- 
ation. 

The operation cf each tube in the common-cathode 
video mixer circuit is similar to the operation of the cathode 
follower, described in Section 6, when the input signals 
are net in time-coincidence, For ex ume a con- 
dition where a positve pulse is appli the input of 
but no signai is applied to the input of VZ. in this in- 
stance, as the input signai to V1 increases in a posiuve 
direction, the plate current of V1 incredses, causing an in- 
cteased voitage drop across cathode-load resistor Rs. As 
the input signal to V1 falls, the plate current decreases to 
its former value, cousing a decrease 1 ne voi! ge drop 
actoss cathode-load resistor 73. Thus, the output-signal 
voltage developed across the cathode-load resistor is a 
reproduction of the original input signal applied to ae 
grid of V1, Furthermore, since the an 
a change in the cathode bias, & 
wit 
fu 


the 


signal ond theretore red 


of the arid-to-cathode voliuae of V1, producing degenetu- 
eae tieiene HERES 

tion of the output voltage. (Cathos 
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ways less than one.) Note that as the plate current of V1 
increases with signal the voltage developed across cathode- 
load resistor R3 also increases, and that this instontan- 
eous voltage, in tum, changes the no-signal bias for the 

grid of V2. Thus, the instantaneous voltage increase 
developed across R3 by the signal applied to V1 effective- 
ly dectenses the plate current of V2 and results in a de 


crease inthe: at Vo troues. .the-aenmen 
crease in the plate current of V2 through the common 


cathode-load resistor, R3. The net result is a decrease in 
the signal current through the cothode-load resistor be- 
cause of the cathode-follower action of V1 and the degen- 
erative action of V2, Therefore, the output-signal ampli- 
tude for one input signal is always Jess than the original 
signal amplitude. 


The operation of the common-cathode video mixer when 
two input signals are in time-coincidence produces some 
adding of signals to give a combined output which is al- 
ways less than the amplitude of the larger of the two 
coincident input signals and greater than the output signal 
that results when only one input signal is present. The 
limited addition of time-coincident positive input signals 
results from the use of a common cathode-load resistance 
which causes '‘cross-biasing!’ of the two tubes. The 
extent of signal adding is primarily a function of the value 
of the cathode resistor, 3, and the level of the input 
signals, Where the vaiue ot the cathode resistor is such 
that the gain of each stage is considerably less than unity 
(relatively small value cathode resistor), the biasing action 
is not complete and some addition of signals will always 


occur. When the no-signal bias is large (relative large 
value cathe ode resister}, but nat ooy flictent to completely 


cut off the plate current the gain of the cathode follower 
is less for smal! positive signals than for the larger posi- 
tive signals. This effect is caused by nonlinearity in the 
gain characteristic at low input levels. Also, the gain is 
teduced, resulting in the addition of the input signals, 
Since some additive effect caa be tolerated, initial cutoff 
ot plate current tor each tube is not necessary, and grid 
bias is normally obtained by cathode-resistor action only. 
If the output of the common-cathode video mixer is 
required to operate into a low-impedance coaxial cable 
which is terminated in a low impedance, the effective 
value of the cathode-load resistance is also a low value. 
When this is the case, the gain of the mixer is decreased 
because of the lower output impedance; therefore, less 


ctess-bicsing is produ ced by maine dont 
biasing is produced by coincident 


at the cathode-ioad resistance, 
if the mixer i's biased to cuto!t, it commars coincident 
input Signals of identical pulse wicth (duty cycle) in such 
a manner that only the input with the largest amplitude 
appears at the output: this manner of operation is called 
nonadditive mixing, and is described later as ¢ modifica- 


tion tc the basic mixer cir 


‘The foilowina tabulation compares the pertormance of 
a typical common-cathode video mixer circuit for three 
values of cathode-lnad resistence, 4700, 479, and 150 ohms 
Two input signals of different pulse widths were used to 
obtain the Guta given. Cach individual input level was 
uadiusted to provide the output voltage given in the table, 
and then the input siqnais were applied simuitaneousiy to 
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The effect in each case was to cbtain a combined output 
which was greater than the output obtained trom either 
signal alone. 


Cathode-Load Resistor (ohms) 4700 470 150 


Output Volts (for one input) 3.0 3.0 3.0 
Output Volts (two inputs in coincidence) 3,6 3.9 4.3 
Input No, 1 (volts): 180-48ec pulse 4.1 4.9 8.0 
at 400 pps 
Input No. 2 (volts): 10-fsec pulse 4.0 4.9 6.0 
at 400 pps 

20 TYPE $670 TUBE 


Ebb ™{80 VOLTS 


PULSE OUTPUT (VOLTS) 


A 
4 6 8 10 12 14 16 18 20 22 24 
PULSE INPUT (VOLTS} 
10 (SEC PULSES AT 400 PPS 


Gain Characteristic of Common-Cathode Mixer 


The accompanying graph illustrates the gain character- 
istic and linearity of a single cathode-follower stage in a 
typical common-cathode video mixer circuit for three values 
of cathode-load resistance, Note that the largest value of 
cathode-load resisistance offers the largest gain and pro- 
vides the greatest range of linearity; whereas, the smal- 
lest value of cathode-load resistance provides less gain 
and poor linearity, Furthermore, the additive factor for 
time-coincident input signals will increase for the lower 
values of cathode-load resistance because the stage gain 
decreases; as a result, less cross-biasing is produced by 
the combined output signals developed at the common 
cathode-load resistor. 

As previously stated, the output of the common-cathode 
video mixer for signals in time coincidence is always less 
than the amplitude of the largest input signal ond greater 
than the output obtained from either input signal alone, An 
indication of the amount of addition of two signals in time 
coincidence is given by the edditive factor, The additive 
factor (in percent) is expressed as: 
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Additive factor = 100 a 
L 


where Ep = resultant (combined) cutput voltage for 
inputs in coincidence 

Ex = output voltage for highest input level 
EL = output voltage for lowest input level 

The effect of the value of cathode-load resistance (R3) 
upon the combined output pulse amplitude and the additive 
factor can be seen by comparing the results obtained when 
using different values of cathode-load resistance. In the 
first example, a 4700-ohm cathode-load resistor is used; 
in the second example, a 150-ohm cathode-load resistor 
is used. 

a, The value of cathode-load resistor for a video 
mixer is 4700 ohms. Assume two positive input signals 
of 4.8 and 4.1 volts amplitude and corresponding output 
signals of 3.6 and 3.0 volts amplitude. When the input 
signals are in coincidence, the measured output-signal 
amplitude is 4.2 volts, Using the formula given above to 
determine the additive factor: 


Given: Er =4.2 
Eu =3.6 
Et 39310 
Therefore: 
Additive factor = 100 44538 = j09 28 
= 20 percent 


b. The value of cathode-load resistor for the video 
mixer is changed to 150 ohms. Again, assume two posi- 
tive input signals of 4,8 and 4.1 volts amplitude and corre- 
sponding output signals of 2,0 and 1.8 volts amplitude. 
When the input signals are in coincidence, the measured 
output-signal amplitude is 2.8 volts. Using the formula 
given above to determine the additive factor: 


Given: Er =2.8 
Ey =2.0 
By Shs 
Therefore: 


dditive factor = 199 4:8=-2.0_ = y99 9.8 
A 18 1.8 toe 1.8 


= 44 percent 

In the two examples given above, when the cathode- 
load resistor is decreased in value, the gain is also de- 
creased; however, as the gain is decreased the additive 
factor increases. Conversely, as the cathode-load resistor 
is increased in value, the gain approaches unity; however, 
as the gain is increased, the additive factor decreases. 

The accompanying wavefoms illustrate the signal- 
combining characteristics of a typical basic common- 
cathode video mixer for four different signal-input condi- 
tions. In part A of the illustration, a 4-volt positive input 
pulse is applied to one input only, and the resulting output 
is a 3-volt signal. In part B, a 4-volt input pulse is applied 
to each input, and the resulting output is a 3.6-volt signal. 
This output signal results from the additive mixing effect 
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when two input signals of equal amplitude and pulse width 
combine to produce an output pulse which is greater than 

the 3-volt output signal of part A (resulting from only one 
input signal) but which is less than either input signal. in 
part C, two equal-amplitude input signals of unequal pulse 
width are applied to the video mixer circuit. This wavefom 


ato tinetratan sHalattacect. di ale aa 
@foup illustrates the cifect of duty cycle on the m g 


action, In this case, the additive mixing effect 1s readily 
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Theoretical Signal-Combining Characteristics of Basic 
Comman-Cathode Video Mixer 
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poses, upon termination of the short pulse, the output can 
be assumed to be the result of a single input signal. In 
part D, two equal-amplitude input signais which are not 
time-coincident combine to produce a series of 3-volt out- 
put pulses, This condition is representative of time 
delayed or random pulses (neither input signal in coinci- 
dence) and, thevefore, euch sigial produces an ouipui 
voltage similar to that obtained in part A with one input 
signal. 

In some radar applications, especially where the output 
pulse information is displayed on a cathode-ray tube indi- 
cotot as video or range marks, it is desirable to provide 
me form ct limiting for time-coincident pulses su that 
2 Output voltage will be the result of the largest signal 
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Modified Common-Cathode Video Mixer, Nonadditive Circuit 


only. The process of combining two signals so that only 
the larger of the two signals is present in the output is 
called nonadditive mixing. 


Modi ieation to the basic common-cathode wd 
biove nonadditive 


Vl and V2, cpproximately te jpn! cutoff, 
accomplished by retuming grid resistors R 


ting. For example, ass! 


cohen adjactedite provide. qvescent sindition ata 


It a positive video 
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gtid bias, and the signal does not appear in the output 
developed across cathode-load resistor R3. As can be 
seen from this example, the largest input signal at any 
instant of time effectively takes over the circuit and masks 
input signals of lesser amplitide, This is true provided 
that the time-coincident signals have the same pulse width 
(duty cycle); however, if the signals are of different pulse 
widths and of sufficient amplitude to overcome the fixed 
bias, the signal with the longest pulse width will always 
appear in the output. 


FAILURE ANALYSIS. 

No Output. The common-cathode video mixer circuit 
is similar in many respects to a cathode-follower circuit 
insofar as failures are concemed. Failure of the plate 
voltage supply will disrupt operation of the circuit, as will 
am open circuit in the cathode. With a tube known to be 
good installed in the circuit the filament and plate voltages 
should be measured, as well as the d-c voltage developed 
across the cathode-load resistance, to determine whether 
the applied voltages are within tolerance and whether the 
cathode resistor, R3, is open. Each input should be checked 
with an oscilloscope to determine whether signals are 
applied to the circuit and whether they are of the proper 
amplitude. Lack of signals at the grid of V1 or V2 can be 
due to an open coupling capacitor (C1 or C2) or to failure 
of the external input-signal source. The output circuit 
should be checked to determine whether the load impedance 
has decreased or whether the output is shorted. Such a 
condition would effectively place the cathode at ground 
potential, resulting in very low or no output; for example, 
a low value of terminating resistance or a shorted coaxial 
cable could cause this effect. Also, if the output is taken 
through an output coupling capacitor, an open in the capa- 
citor would prevent signals from reaching the stage follow- 
ing the mixer. 

No Mixed or Combined Output. Assuming that applied 
voltages are within tolerance and the tube is known to be 
good, each input signal should be checked with an oscil- 
loscope to determine whether both signals are of correct 
amplitude and are present at the respective grid of V1 and 
V2. Lack of a signal at the grid of V1 or V2 can be due to 
an open coupling capacitor (C1 or C?) or failure of the ex- 
temal input-signal source. If the circuit uses fixed grid 
bias to place each tube at or near plate-current cutoff, the 
applied bias should be measured at each grid to determine 
whether the bias voltage is excessive, thus preventing 
signals from combining in the cathode circuit. 

Low or Distorted Output. If capacitor Cl or C2 is 
leaky or shorted, any value of d-c voltage present at the 
input from the previous stage will be applied to the grid of 
Vi or V2. If the grid is made positive as a result, the tube 
will conduct additional plate current and cause the cathode 
voltage to be higher than normal. Thus, positive pulses on 
the grid will be severely limited in the cathode circuit. 
Where fixed bias is applied to the grid of V1 and V2, a 
leaky or shorted coupling capacitor C1 or C2 will cause 
voltage-divider action to change the value of bias at the 
grid. This will cause the tube to shift its operating point 
on the Eg - Ip characteristic curve. Depending upon the 
previous stage and the input circuit configuration, the bias 
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may be shifted to place the tube in either the cutoff or sat- 
uration region. 

Tf the cathode-load resistor (R3) is paralleled with a 
terminating or impedance- matching resistor, a dectease in 
the value of either resistance wil] affect the output voltage. 
Also, if the output is token through an output coupling capa- 
citor, a shorted capacitor will affect the output voltage, 
since the impedance in the cathode circuit will be decreas- 
ed and a d-c path will be provided in parallel with the 
cathode-load resistance. 


COMMON-PLATE VIDEO MIXER. 


APPLICATION, 

The common-plate video mixer circuit is used to com- 
bine two (or more) input video or pulse signals, The mixer 
circuit normally has some gain. When two positive input 
signals are in time-coincidence, the circuit performs alge- 
braic addition to produce a combined output signal which 
is of greater amplitude than the output produced by either 
input signal alone. 


CHARACTERISTICS. 

Produces inverted signal in output; input signals of 
positive polarity produce output signals of negative polar- 
ity. The circuit is capable of combining small negative in- 
put signals to produce positive output signals. 

Gain of nomal video mixer (as designed) is slightly 
greater than unity for single input signal; gain is always 
greater than unity for time-coincident input signals. 

When more than two input signals are to be combined, 
additional common-plate video-mixer circuits may be con- 
nected in parallel with little change in operating character- 
istics. 

Output impedance is approximately equal to the value of 
plate-load resistance at low and medium frequencies, but 
decreases at high frequencies unless compensation is used. 

High-frequency compensation, if required, is accom- 
plished by the addition of a series plate-load inductance or 
a cathode bypass capacitor of relatively small value. 


CIRCUIT ANALYSIS. 

General. The basic common-plate video mixer com- 
bines two positive input signals, The circuit is fundamen- 
tally two video amplifiers in parallel with a common plate - 
load resistance. The output polarity is negative, and the 
combined signal is taken from the plate circuit. 

The common -plate video mixer has good adding charac- 
teristics for signals in time-coincidence. For this reason, 
when the input signals are time-coincident, the circuit may 
not be satisfactory for certain radar applications unless 
modifications are made to reduce the adding effect and 
prevent overloading of subsequent video amplifier stages. 
In some applications the video mixer circuit is followed 
by a limiter or cathode follower, or each input is preceded 
by a limiter. The circuit described here purposely has a 
very low plate-load resistance and an unbypassed cathode 
resistance, to keep the gain as low as possible. Also, the 
use of a low value of plate-load resistance makes frequen- 
cy compensation unnecessary. 
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Circuit Operation. The accompanying circuit schema- 
tic illustrates two triode electron tubes in a common-plate 
video mixer circuit. Electron tubes V1 and V2 are iden- 
tical-type triode tubes; although the accompanying sche- 
matic illustrates two separate triodes, a twin-triode is 
commonly used in this circuit. Capacitor Cl couples one 
input signal io the grid of Vi; capacitor C2 coupies the 
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Basic Common-Plate Video Mixer Circuit 


other input signal to the grid of V2. Resistors Kl and R2 
are the grid resistors for Vi and V2, respectively. Resis- 
tor R3 is the common plate-load resistor for V1 and V2 and 
is generally a low-value resistmce. Capacitor C3 is the 
output-coupling capacitor, Resistor Ad is the common 
cathode-bias resistor. The circuit utilizes a low value of 
plate-load resistance to achieve an extremely short rise 


timeyino high-frequency compensation (plate-load induc- 


tance or cathode bypass) is used. The unbypassed cathode 
resistor makes the circuit degenerative, and cisco ate me 


stage gain stabilized throughout the life of the tube to 


pensate for tube aging. The tolerance of component values 


are > normally used, 

When voltage is 
{of Vi aid V2) are at zero 
current of both tubes passes throu 
sistor R4 to quickly establish the no-signal, or gitescené, 


bigs. The electron tubes, Yl and V2, are ass 


biet.. ‘The slectron tubes, Wlicad 
identical-type tubes, ot a single-envelope t 
with identical chaactetistics; howevei, a 
in tube characteristics will not greatly affect the circuit 
operation. 


mixer 
amplifies described in 1 Section 6, when the input signals 
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are not in time-coincidence. For example, assume a con- 
dition where a positive pulse is applied to the input of V1 
but no signal is applied to the input of V2. In this in- 
stance, as the input signal to V1 increases in a positive 
direction, the plate current of V1 increases, causing an 
increased voltage drep actoss plate-load resistor R3; 
theretore, the voltage at the plate ct Vitalis. As the input 
signal to V1 falls, the plate current decreases to its former 
value, causing a dectease in the voltage drop across plate- 
load resistor R3, and the plate voltage at V1 retums to its 
former value. Thus, a positive-going pulse applied to the 
grid has produced a regotive-going pulse at the plate, 
resulting in siqnal inversion, However, since the cathode 
resistor, Rd, is not bypassed, degeneration is introduced 
an the wii cuii, aid the signal developed ucioss cathode 
resistor R4 resulting from the change in V1 plate current 

is hase with the input signal; t erefore, the amplitude 
of the instantaneous arid-to-catnode signai voltage of Vi 
is reduced. The stage gain is also reduced, and, as a re- 
sult, the amplitude of the negative signal developed in the 
plate circuit is effectively limited. The plate-load resis- 
tor, R3, is purposely a low value of resistance, and be- 
cause of degeneration in the cathode circuit (resistor R4 is 
not bypassed) the gain of the stage is practically reduced 
single input signal. 


to unity for a 

Note that as the plate current of V1 increases with sig- 
nal, the voltage developed across cathode resistor R4 also 
increases, and that this instantaneous voltage, in tum, 
changes the no-signal bias for the grid of V2. Thus, the 
instantaneous voltage increase, developed actoss cathode 
resistor Rd by the signal applied to V1, appears as addi- 
tiona! bias to the arid of V2 and effectively decreases the 
plate current of V2 through the common piate-load resistor, 
R3, and the common cethede resister, R4. The net result 
is a limiting of the maximum instantaneous signal current 
through R3 and Rd because of the cathode-follower action 
of Vl and the degenerative action of V2. Thus, the neg - 
ative output-signal amplitude at the plate for one input 
signal is only slightly greater than the original input- 
signal ampiitude. 

The operation of the common-plate video mixer when 
two positive input signals are in time-coincidence produces 
uddiuion of ihe siynuis, t yive u combined neguiive cui- 
put signaj which is always greater than either of the two 
coincident input signais and greater than the output signal 


therefore, the amplitude addition of time-coincident signals 


puises. Since ire gain Chaiuctetisie is nonlinea, a small 
positive input pulse will produce a negative output pulse 
which 1s only siightly greater than the input (gain approx- 
imately unity}; whereas input pulses from approximately 3 
to 9 volts result in a gain greater thar un: and input 


Note that it smal! neactive oulses are applied to ’ 
Note that if small neactive pulses arc applies to Gn input, 


a small positive output pulse will be obtained. 
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TYPE 5670 TUBE 
Epp = 150 VOLTS 


R3= 680 
R4= 270 


NEGATIVE PULSE OUTPUT 
(VOLTS) 


4 4 Fae Tee oe See eet nrae | 
4 6 8 10 12 14 16 


POSITIVE PULSE INPUT (VOLTS) 
tO psec PULSES AT 400pps 


Goin Characteristic of Common-Plate Mixer 


Two additional tubes can be paralleled with the mixer 
circuit, if desired, to provide four inputs. If the values of 
the plate and cathode resistors (R3 and R4) are not changed, 
the gain of each stage will be reduced to half the gain ob- 
tained for two tubes; however, if cathode resistor Rd is 
reduced accordingly to keep the bias approximately the 
same os for two tubes, the gain of each of the four tubes 
will be slightly greater than unity. 

An indication of the amount of addition of two signals 
in time coincidence is given by the additive factor. The 
additive factor (in percent) is expressed as: 


Additive factor = 100 ey 
‘L 


where: Er =resultant (combined) output voltage for 
inputs in coincidence 

Eu = output voltage for highest input level 
Ex. = output voltage for lowest input level 

The signal addition occurring at the plate as a result 
of combining two time-coincident input signals compared 
to the output obtained for a single input can be seen from 
the measured results obtained from a typical common-plate 
video mixer, The mixer in this example used a plate-load 
resistor (R3) of 680 ohms, a cathode resistor (R4) of 270 
ohms, and a supply voltage (Epp) of 150 volts. Two equal 
positive input signals of 3.5 volts amplitude produced equal 
corresponding negative output signals of 4.0 volts amolitude. 
When the two input signals were applied to the mixer input 
Circuit in time-coincidence, the measured output-signal 
amplitude at the plate was 6.2 volts. Usiny the formula 
given above to determine the additive factor: 
Given: Er =6.2 

Ex =Ez =4.0 
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Therefore: Additive factor = 


100 6:2 - 4.0. p99 2.2 


40 40 = 55 percent 


From the example it is seen that the common-plate video 
mixer combines time-coincident input signals in an additive 
manner. 
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Theoretical Signal-Combining Characteristics of Basic 
Common-Plate Video Mixer 


The accompanying waveforms illustrate the signal- 
combing characteristics of a typical basic common-plate 
video mixer for two different signal-input conditions. In 
part A of the illustration, a 3,5-volt positive input pulse 
is applied to one input only, and the resulting negative 
output is a 4-volt signal. In part B, a 3.5-volt input pulse 
is applied to each input; the pulses are of equal amplitude 
but are of unequal pulse width (duty cycle). The resulting 
combined output signal is a negative pulse which is 6.2 
volts moximum amplitude when the two signals are time- 
coincident. Note that the longer input pulse produces a 
4-volt output signal and that, when the short input pulse 
is applied to the circuit, the combined output signal is in- 
creased to 6.2 volts for the duration of the short pulse. 

This type of mixer cannot prevent overloading of sub- 
sequent video amplifier stages by time-coincident input 
signals; therefore, the mixer is usually tollowed by a 
limiter stage to limit the output signal applied to the video 
amplifier chain. The limiting level is determined by the 
highest output-signal amplitude resulting from ane input 
signal; any additional output-signal amplitude resulting 
from two input signals in time-coincidence will result in 
clipping at the limiter stage. 
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FAILURE ANALYSIS, 

No Output. The common-plate video mixer circuit is 
similar in many respects to a video-amplifier circuit insofar 
os failures are concerned. Faniure of the plate-v 
supply will disrupt operation of the circuit, as wi 
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